SUMMARY
Background: Results of a pooled analysis of case-control studies show a higher risk of head and neck cancer (HNC) associated with a low body mass index (BMI) and a lower risk associated with being overweight or obese, compared to being normal weight. However, these results are prone to bias due to residual confounding by smoking, a strong risk factor, and possible weight loss prior to diagnosis. Using prospectively collected data from the Cancer Prevention Study-II cohort and the Nutrition cohort, we examined the association of BMI with HNC mortality and incidence, overall and by smoking status.
Methods: Mortality analyses included 1,383 cases among 1,059,153 participants; incidence analyses included 340 cases among 150,262 participants. Multivariable Cox proportional hazard models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI) for the association of BMI with HNC incidence and mortality. were associated with a lower risk of HNC mortality but not incidence. In never smokers, there were no associations of BMI with HNC incidence or mortality. In smokers, BMI <22.5 kg/m 2 was associated with a higher risk of HNC mortality (HR=1.42, 95% CI 1.20, 1.67).
Conclusions: In this prospective cohort, there was no association between BMI and HNC incidence, although BMI was inversely associated with HNC mortality in smokers.
Impact: These suggest that there is no etiological relationship between BMI and HNC.
INTRODUCTION
Cancers of the oral cavity, pharynx, and larynx (referred to collectively as head and neck cancer (HNC) in our study) diagnosed in Europe and North America are due primarily to tobacco use and its synergistic actions with alcohol consumption (1, 2). However, approximately 75% of HNC is attributed to tobacco and alcohol (of which only 4% is due to alcohol alone) (2) , suggesting that other factors may be associated with risk of these cancers. For example, results of several individual case-control studies suggest obesity may be a risk factor for HNC (3) (4) (5) (6) (7) (8) (9) (10) (11) .
However, in those studies (3) (4) (5) (6) (7) (8) (9) (10) (11) , power was limited to assess the associations in never smokers, and, therefore, residual confounding could not be ruled out. In a large, pooled analysis of 17 international case-control studies of HNC (12,716 cases and 17,438 controls), low body mass index (BMI <18.5 kg/m 2 ) was associated with a higher risk of HNC compared to subjects with a normal BMI (18.5-24.9 kg/m 2 ), while BMI ≥25.0 kg/m 2 was associated with a lower risk (12) .
In stratified analyses, the elevated risk of HNC associated with a low BMI persisted for both smokers/drinkers and never smokers/never drinkers, whereas, the reduced risk related to higher BMI was limited only to smokers/drinkers suggesting the possibility of residual confounding by smoking and drinking for the low BMI results. Another concern is that retrospective studies might be prone to misclassification of BMI of cases due to weight loss before diagnosis of HNC (12) . Therefore, large studies of HNC with prospectively collected weight, smoking, and drinking data are needed to rule out these concerns. The American Cancer Society (ACS) Cancer Prevention Study-II (CPS-II), a large prospective study with long follow-up and detailed information on body size, lifetime smoking history, and alcohol consumption, provides an opportunity to assess the associations of body size with HNC incidence and mortality overall and by smoking status.
MATERIALS AND METHODS
Mortality Analyses. Individuals in the mortality analysis were drawn from the approximately 1.2 million participants in CPS-II cohort, a nationwide prospective mortality study initiated in 1982 and described in detail elsewhere (13, 14) . Briefly, 521,555 men and 685,748 women 30 years of age or older were enrolled by ACS volunteers in all 50 states, the District of Columbia, and Puerto Rico. At entry, participants completed confidential mailed questionnaires on demographic information, weight, height, lifetime tobacco use, alcohol consumption, and other lifestyle factors. Exposure data used in the mortality analyses were based on the information collected at enrollment in 1982.
The primary endpoint for the mortality analyses was death from HNC (based on International Classification of Disease for Oncology for the oral cavity, oropharynx, hypopharynx, and larynx as previously defined (15) In the mortality analysis, individuals were excluded if they reported a history of cancer at baseline (except non-melanoma skin cancer) (n=82,326), had missing data for height or weight Incidence Analyses. In 1992-3, a subgroup of 184,188 CPS-II participants (17) , who resided in 21 states with population-based state cancer registries and were 50-74 years of age were enrolled in the CPS-II Nutrition Cohort. At baseline, the participants completed a mailed questionnaire on demographic, medical, behavioral, environmental, and occupational factors, including weight, height, lifetime tobacco, and alcohol consumption. Follow-up questionnaires were sent to cohort members every two years starting in 1997 to update exposure information and to ascertain newly diagnosed cancer outcomes. Exposure data used in the incidence analyses were based on the information collected at enrollment in 1992.
In the incidence analysis, individuals were excluded if they did not return any survey and were alive as of December 31, 1997 (n=6,276), reported a history of cancer at baseline (except non-melanoma skin cancer) (n=22,860), had missing data for height or weight on their respective enrollment questionnaires (n=2,306), or BMI values in the upper and lower 0.1% (n=306). Selfreported HNC were verified with medical record (63.2% of all HNCs) or state tumor registries (34.0%); fatal cases were identified through linkage with the National Death Index (2.8%). We excluded 14 participants whose self-reported HNC cancer could not be verified. Remaining for incidence analysis were 152,426 participants.
Exposure Definition. Height and weight was self-reported on the 1982 baseline survey, and weight was reported again on the 1992 baseline surveys for the mortality and incidence analyses, respectively. BMI was computed as weight (kg) divided by height squared (m Multivariable-adjusted Cox proportional hazard regression models (21) were used to calculate hazard ratios (HR) and 95% confidence intervals (CI) for the associations of BMI with HNC incidence and mortality. All Cox models were stratified on single year of age at enrollment. HRs for the mortality analysis were adjusted for sex, race, education, alcohol intake in 1982, and joint smoking variable of status in 1982, years since last cigarette, and cigarettes per day. HRs for the incidence analysis were adjusted for sex, education, alcohol intake in 1992, and cigarette smoking status in 1992. The Cox proportional hazards assumption was evaluated by testing for an interaction by time in the model. The assumption was violated for both the mortality analysis (p=0.023) and the incidence analysis (p=0.018) if follow-up time started at the date of the enrollment questionnaire; however, the assumption for the mortality analysis (p=0.088) and the incidence analysis (p=0.46) was satisfied after exclusion of the first two years Associations of BMI with HNC incidence and mortality also were examined separately in never smokers and ever smokers. Ever cigar or pipe only smokers were excluded from stratified analyses because they comprised a small subgroup. We stratified analyses by whether the tumor was located in the non-oropharynx region (defined as the oral cavity, hypopharynx, and larynx) or the oropharynx region. Stratification by location was used as a crude proxy for HPV status of the tumors, since the oropharynx is the HNC region proposed to have a strong HPV etiology (22) . Cases who died prior to 1992 were excluded from the stratified analyses in the mortality cohort, because we could not distinguish the location of the tumor from the death certificate.
All analyses were performed in Statistical Analysis Software (SAS, version 9.2).
RESULTS
In the CPS-II mortality cohort, obese participants were less likely to be college educated, an alcohol drinker, or a current smoker (Table 1) ; differences in covariates by BMI were similar, but less pronounced in the CPS-II Nutrition Cohort (data not shown). In the CPS-II mortality cohort, 1,383 HNC deaths occurred during follow-up; and, in the CPS-II Nutrition cohort, there were 340 HNC cases diagnosed during follow-up.
In the incidence analysis, BMI was not associated with HNC overall or by smoking status (Table 2) . but not among the never smokers. For never smokers, BMI was not associated with HNC mortality. Among all CPS-II participants, relative risk of oropharynx cancer mortality was not associated with BMI; however, lean individuals had a higher risk of non-oropharynx cancer, and overweight and obese individuals had a lower risk of non-oropharynx cancer (Table 3) .
DISCUSSION
In this prospective cohort study of BMI and HNC, there were no associations between BMI and risk of HNC incidence overall, by smoking status, or by tumor site. The lower risk of HNC mortality associated with overweight and obesity was limited to smokers, and there was evidence of an elevated risk of HNC mortality for lean smokers. BMI was not associated with HNC mortality in never smokers.
The relationship between BMI and HNC incidence has not been examined previously in prospective studies. A pooled analysis of case-control studies reported a 50% lower risk for overweight and obesity and a twofold higher risk for leanness in overall analyses and those limited to ever smokers; the association between HNC risk and leanness persisted even in nonsmokers (12) . These results differ from the lack of association between BMI and HNC incidence observed in this prospective study. One possible reason for the different results between these studies is that the cases' recall of their usual weight in retrospective studies might be influenced by weight loss prior to diagnosis causing a downward shift of BMI categories for some cases.
The differential misclassification could cause spurious positive associations for the low BMI category and inverse associations for the overweight and obesity categories as observed in the pooled analysis of case-control studies with retrospective collection of weight (12) .
The null associations of BMI with HNC mortality for never smokers but not for ever smokers suggests that factors involved in progression and prognosis may differ for smokingrelated tumors compared to non-smoking related tumors. Evidence in favor of this argument is supported by the observed inverse association with BMI for risk of non-oropharyngeal cancer death, which has a poor prognosis (23), but not for death of oropharyngeal cancer, which has a more favorable prognosis (23, 24) . However, survival analyses of HNC outcomes are needed to evaluate a possible relationship with BMI. 
residual smoking does not confound the relationship between low BMI and HNC mortality, it does not address a relationship between BMI and HNC incidence.
The major strengths of this study are the prospective design, long follow-up time, and examination of mortality and incidence. In particular, the ability to examine weight many years prior to detectable disease allowed us to avoid the influence of weight loss secondary to disease.
However, we did not update BMI or smoking status. If some smokers quit in the follow-up time, their person-time could be misclassified for smoking status and for BMI if the former smoker experienced weight gain after quitting smoking. If there is a true inverse association between BMI and head and neck cancer incidence, misclassification of BMI due to weight gain secondary to quitting would attenuate associations toward the null. However, given that the incidence results were nearly equivalent for never smokers and ever smokers, this bias is unlikely to have had a significant influence on the observed results.
Our incidence analyses are based on a relatively small number of cases, although we still had greater than 80% power to detect associations larger than 1.5 (or less than 0.7) in the extreme categories of BMI. Moreover, we had adequate power to exclude the possibility that the relationship between BMI and HNC incidence was as extreme as suggested by the pooled casecontrol analysis (12) . We did not have tumor tissues to determine the presence of HPV, although examining HRs for HPV-associated orophyargeal cancers (22) separately from smokingassociated non-oropharygeal cancers did not reveal any meaningful differences in associations of incidence with BMI. Furthermore, study participants were predominantly of European ancestry and in higher SES strata. While these factors may affect the generalizability of the confounding effects of smoking on the BMI-HNC association, it is unlikely that SES and race affect the underlying conclusion that BMI is not causally related to HNC etiology. While we were able to examine BMI-HNC associations stratified by smoking status, power was limited to further stratify by alcohol intake. It is important to also consider the potential confounding effects of alcohol intake on the association between BMI and risk of HNC because it is well established that alcohol drinkers, particularly moderate to heavy drinkers as shown in our study, tend to have a lower BMI and a higher risk of HNC (particularly among smokers) (2, 22) . Additionally, stratified analyses of the association between BMI and nonoropharyngeal HNC risk among never smokers and never drinkers would further support the lack of a causal role of BMI in HNC etiology. A large pooled analysis is necessary to provide more detailed assessment of the relationship of BMI with HNC in never smokers and never drinkers. 1 HRs were adjusted for sex (men, women), education (college graduate or more, some college, high school graduate, less than a high school education, missing), alcohol intake at baseline (non-drinker, <1 drink/day, 1 drink/day, 2+ drinks/day, missing or unknown), and cigarette smoking status at baseline (non-smoker, current smoker, former smoker, ever smoker/unclassifiable, and missing). All Cox models were stratified on single year of age at enrollment. 2 Body mass index (BMI, kg/m 2 ) was calculated using weight in kilograms divided by height in meters squared. 3 p-values for linear trend were calculated based on the median values of the body mass index categories treated as an ordinal variable. 4 Non-oropharynx cancer category was comprised of cancers diagnosed in the oral cavidy, hypopharynx, and larynx.
